We performed 77 Se and 19 F-NMR measurements on single crystals of (TMTSF) 2 FSO 3 to characterize the electronic structures of different phases in the Temperature-Pressure phase diagram, determined by precise transport measurements [Jo et al., Phys. Rev. B67, 014516 (2003)]. We claim that such varieties of electronic states in the refined phase diagram are caused by strong couplings of the conduction electrons with FSO 3 anions, especially with the permanent electric dipoles on the anions. We suggest that as temperature decreases, the FSO 3 anions form orientational ordering through two steps; first only the tetrahedrons form an orientational order leaving the orientations of the electronic dipoles in random (transition I); then the dipoles form a perfect orientational order at a lower temperature (transition II). In the intermediate temperature range between transitions I and II, we found an appreciable enhancement of homogeneous and inhomogeneous widths of 77 Se-NMR spectrum. From the analysis of the angular dependence of the linewidth, we attributed these anomalies to the intramolecular charge disproportionation or imbalance and its slow dynamics caused by the coupling with the permanent electric dipole of anion. Results of 19 F-NMR relaxation and lineshape measurements support this picture very well. Electronic structures at higher pressures up to 1.25 GPa are discussed on the basis of the results of the 77 Se and 19 F-NMR measurements.
Introduction
The title compound is an exotic member of the well-known Bechgaard salts: a charge transfer complex made of an organic TMTSF and a tetrahedral counter anion, FSO − 3 , carrying a permanent electric dipole moment. This salt was synthesized to study the effect of the introduction of asymmetric dipolar anions on the conducting electron systems. [1) Several studies were done to clarify the electronic properties of this salt in 1980's, [2, 3) however, no clear experimental evidence for the effects of permanent dipoles was observed. Twenty years later, precise transport measurements were performed for high quality single crystal samples and the temperaturepressure (T -P) phase diagram was refined. [4, 5) In addition to the basic structures earlier reported, several novel anomalies in resistivity and thermoelectric power were detected under pressure. The authors proposed new phase boundaries from the transitions I to VI as shown in Fig. 1 . The complexity of the proposed phase diagram seemed to indicate the contributions of some novel degrees of freedom, probably due to the introduction of electric dipoles in this salt. To address this issue from microscopic points of view, we performed NMR measurements.
We have already reported some of the results of 77 Se-NMR study at ambient pressure as well as under pressure of * ko-ichi.hiraki@gakushuin.ac.jp 0.65 GPa using a conventional clamp type pressure cell. [6) We found several interesting features; i) the insulating state below the metal-insulator transition at ambient pressure is nonmagnetic with a finite spin gap; [6) ii) an appreciable line broadening was observed in the region between transitions I and II under pressure; iii) below transition II, the system turns into a nonmagnetic insulating state; iv) the spin gap in the insulating state decreases with pressure.
In the present study, we performed several additional 77 Se and 19 F-NMR measurements using single crystal samples to clarify the more detailed electronic structure and the roles of anion dynamics under pressure. 77 Se measurements were performed in a different geometry from the previous works [7, 8) .
In this report, we first describe the earlier NMR data at ambient pressure and 0.65 GPa in §3.1 and §3.2.1, respectively, which we could not show in detail in our previous reports [6] [7] [8] . New results of 77 Se-NMR measurements at 0.65 GPa and 1.25 GPa are shown in §3.2.2 and §3.3, respectively. Results of 19 F-NMR measurements at ambient pressure, 0.45 GPa and 0.9 GPa are described in §3.4, §3.5 and §3.6, respectively. Finally, possible electronic structures and the role of anion dynamics are discussed in §4. 77 Se and 19 F-NMR spectra and relaxation rates were measured using single crystal samples with a typical size of 1.9 × 0.9 × 0.5 mm 3 . 77 Se experiments were performed at an applied magnetic field of H 0 ∼ 9 T, which corresponds to the resonance frequency of (2π)×73 MHz (= 77 γH 0 , where 77 γ/(2π) = 8.131 MHz/T is the gyromagnetic ratio of 77 Se nuclei). The magnetic field strength was calibrated by the 13 C-NMR signal of a standard sample of tetramethylsilan (TMS = Si(CH 3 ) 4 ). [9) NMR spectra were obtained by the fast Fourier transformation (FFT) of the spin echo signals following π/2-π radio frequency (rf ) pulse sequences. Linewidh of the spectrum was defined as the square root of the second moment.
Experimental details
Spin-lattice relaxation rate, T −1 1 , was measured from the recovery of the nuclear magnetization obtained by π (or saturation comb pulses)-τ-π/2-τ'-π pulse sequences. The echo decay rate, T −1 2 , or the "homogeneous" linewidth was also determined by measuring the decay of the echo intensities as a function of τ' with a fixed τ. The linewidh, defined as the square root of the second moment of the spectrum, corresponds to the total transverse relaxation rate, T * −1 2 , including "inhomogeneous" linewidth.
Hydrostatic pressure was applied with the use of clamptype pressure cells made of Be-Cu alloy, in which an NMR coil containing a single crystal sample was set with Daphne 7373 as a pressure medium. We used two types of pressure cell.
77 Se-NMR measurements described in §3.2.1 and all 19 F-NMR measurements were done with a conventional type cell with sizes of 25 mm in diameter and 87 mm in length. This cell was too long to rotate in the cryostat. Therefore we did not change the field direction with this cell. External field was applied almost perpendicular to the a axis. Another type of pressure cell with sizes of 25mm in diameter and 40 mm in length was a hand made one designed by one of the authors (WK). With the use of this "mini" cell it became possible to mount the sample to a goniometer and rotate it in the external field. [10) When we applied a pressure of 0.8 GPa at room temperature, the actual pressure at low temperatures below 150 K was estimated as ∼ 0.65 GPa, from an independent resistance measurement on a small piece of crystal with the same pressure medium; the pressure drop at low temperatures due to the thermal contraction was estimated as about 0.15 GPa. This agrees well with the reported properties of Daphne 7373; [11) it was claimed that the pressure reduction at low temperature from room temperature is always 0.15 GPa, irrespective the initial pressure at room temperature, at least up to 1.5 GPa. [11) The pressure values mentioned in the text are those expected at low temperatures below 150 K, applying this correction, unless otherwise noted.
77 Se-NMR measurements with the "mini" cell were performed in a geometrical configuration, where the NMR coil was wound along the b ′ axis and the external field was rotated in the ac * plane. At the Se-sites, 4p z orbital is considered to give a dominant contribution to the conducting HOMO band, so that the hyperfine coupling between the conduction electrons and the Se-nuclei is expected to have an uniaxial symmetry. Since the principal axis of the p z orbital is almost parallel to the a axis, [12) in the present experimental geometry, one can detect the parallel and perpendicular components of the Knight shift tensor, when the field is parallel to the a and c * axes, respectively. The Knight shift, K, is expressed as K = K iso + K aniso , where K iso and K aniso are the isotropic and anisotropic components of the Knight shift, respectively. For an uniaxial case, K aniso is written as K aniso = K ax (3 cos 2 θ − 1), where θ is the angle of the applied field measured from the p z orbital. Since K is given as K(θ) = A(θ)χ s = (A iso + A aniso (θ))χ s , using the hyperfine coupling constant, A(θ), and the local spin susceptibility of electrons per molecule, χ s , the measurements of the Knight shift enable us to detect the local susceptibility at individual molecular sites. In the case of 2:1 charge transfer complexes, (with homogeneous spin/charge distributions), χ s is given as χ s = χ mol /2N A µ B using the molar susceptibility, χ mol , the Avogadro's number, N A , and the Bohr magneton, µ B . The factor 2 comes from the fact that the unit cell contains two TMTSF molecules. (The reason to normalize χ s with µ B is because the hyperfine coupling constant, A, is usually given in the unit of T/µ B )
The 19 F-NMR measurements were carried out at applied magnetic fields of 3 ∼ 6 T (the gyromagnetic ratio of 19 F nuclei is 19 γ/(2π) = 40.05 MHz/T). We had carefully chosen fluorine free materials in applying pressure. (We gave up to use the commonly used pressure capsule made of teflon but used the one made of polyvynil chloride.) The geometrical situations in the 19 F measurements were completely the same as in our earlier reports [7, 8) , that is, the magnetic field was applied perpendicular to the one-dimensional conducting a axis.
Results and Discussions

3.1
77 Se-NMR at ambient pressure The results of 77 Se-NMR lineshape, spectral shift and spinlattice relaxation rate, T −1 1 , at ambient pressure were summarized in Fig. 2 . External field of 9 T was applied perpendicular to the conducting a-axis. In the metallic state, the observed spectrum consists of four peaks, corresponding to the number of inequivalent Se sites in a unit cell (eight Se sites are reduced to four because of the inversion symmetry of the crystal structure). The spectral position is almost temperature independent and T −1 1 seems to follow the usual Korringa behavior, (T 1 T ) −1 ∼ 4 s −1 K −1 . Drastic changes were observed at about 90 K in the spectral shape, Knight shift and T −1 1 , as shown in Fig. 2 : An abrupt shift of the spectral position are observed at this temperature and the number of the peaks increases to six or more at lower temperatures. T −1 1 starts to decrease exponentially below 90 K. All these NMR behaviors are consistent with those expected for the metal-insulator transition due to the anion ordering (AO) observed at this temperature. X ray experiments [13) reported the occurrence of AO with a wave number of (1/2 1/2 1/2) at this temperature. The increase in the number of NMR peaks corresponds to the loss of the inversion symmetry of the crystal. The abrupt shift of the spectral position is due to the vanishing of Knight shift and the exponential reduction of T 1 shown in the inset of Fig. 2 c) . This value is quite large as an anion ordering gap of TMTSF family [14) . This may come from the fact that the tetrahedral FSO 3 anion carries a permanent electrical dipolar moment. The finite frequency shift (∼ -0.04% ) remaining at low temperatures should be attributed to the chemical shift of the TMTSF molecule.
3.2
77 Se-NMR under pressure: 0.65 GPa 3.2.1 Temperature dependences for H 0 ⊥ a-axis Figure 3 shows the results of the 77 Se-NMR measurements under pressure of 0.65 GPa with the same experimental geometry as at ambient pressure. The spectra and relaxation behaviours in the metallic state at high temperatures were basically similar to those at ambient pressure. Knight shift, K ∼4.7×10 −4 , and Korringa constant, ( . This is natural because applying pressure generally tends to broaden the band width, leading to the reduction of the density of states at the Fermi level. Actually, the value of (T 1 T K 2 ) −1 ∼ 8×10 6 s −1 K −1 is almost the same as the value at ambient pressure.
As temperature decreases, remarkable broadening of spectrum appears below ∼90 K, and at the same time the center of gravity of the spectrum starts to shift gradually towards the higher frequency side. Below ∼30 K, a narrower component of spectrum appears, and below ∼15 K, several sharp peaks 
around the zero Knight shift position coexist with a broad component in the lower frequency, as shown in Fig. 3 b) . Spin-lattice relaxation measurements revealed that there exist two components of relaxation at low temperatures below ∼ 30 K, as shown by open and closed circles in Fig. 3 d) , reflecting the coexistence of two components of the spectrum. The relaxation rate for the broader component seen around ∼−0.07 MHz follows the Korringa-like behaviour, (T 1 T ) −1 ∼ constant, as shown by closed circles, in the whole temperature range. This clearly indicates that the broad component comes from a metallic region of the sample in spite of the unusual broadening. On the contrary, the relaxation rate for the sharp peaks with the smaller shift decreased exponentially with decreasing temperature, as shown by open circles in Fig. 3 
d).
The energy gap ∆/k B was estimated as ∼130 K, which is much smaller than ∼420 K observed in the insulating state at ambient pressure.
The temperature of ∼90 K, at which the line broadening and the peak shift starts to appear, corresponds to transition I given in the T -P phase diagram (Fig.1) . It is also reasonable to consider the temperature ∼30 K, below which the sharp component of spectrum appears, as transition II, since the NMR properties at lower temperatures are quite similar to those in the nonmagnetic insulating state at ambient pressure. We note that the volume fraction of the nonmagnetic phase is much larger than that of the metallic phase. The small fraction of the metallic phase suggests that the admixture of the metallic component comes either from some inhomogeneity in applied pressure, or from the first-order nature of transition II. To get further insight into the origin of the unusual broadening of the 77 Se-NMR spectrum, we measured the temperature dependence of the homogeneous linewidth, T −1 2 , at ambient pressure and under pressure; the results are shown by crosses and closed diamonds in Fig. 3(e) , respectively. While T −1 2 at ambient pressure was almost constant in temperature, ∼1500 s −1 , two peak anomalies in T −1 2 were observed at 0.65 GPa around 90 K and 70 K. The first peak at 90 K should be related to transition I, where most of the NMR properties have shown anomalies. The second peak around 70 K appears, however, in the intermediate temperature range between transitions I and II.
We note that the appearance of the inhomogeneous broadening is accompanied by the enhancement of the homogeneous width and the latter shows a peak behavior. Similar enhancement of T −1 2 was observed in a two dimensional system with charge disproportionation (CD), θ-ET 2 MZn(SCN) 4 , M=Rb and Cs, [15) where extremely slow fluctuations of hyperfine fields due to the dynamics of CD were shown to enhance the transverse relaxation rate, T −1 2 . We expect that a similar situation appears in the present system below 90 K: Assume that the local fields responsible for the inhomogeneous broadening rapidly vary in time with a characteristic time, τ c : At high temperatures, where τ c is sufficiently short, the homogeneous width should be given as T −1 2 ∼ ∆ω 2 τ c , where ∆ω 2 is the second moment due to the inhomogeneous broadening. At low temperatures, on the contrary, the homogeneous width should be determined by the life time of the Zeeman levels, as T −1
c ; the maximum of T −1 2 thus appears when the condition, ∆ω 2 −1/2 τ c ∼ 1, is satisfied. We will discuss the possible origin of the inhomogeneous local fields and their dynamics in the present system later.
A superconducting (SC) state was reported in this pressure region; [3) the transition temperature was ∼3 K which is much higher than those of the other TMTSF salts. However the SC phase was not considered to be a bulk one; the reported volume fraction of SC was ∼ 2 %. In fact, we did not observe any anomaly relating to SC in the NMR measurements down to 1.5 K. Therefore we do not touch the superconducting phase in the present study.
Angular dependence of
77 Se-NMR spectrum for H 0 in ac*-plane In order to clarify the origin of the unusual line broadening in the region between transitions I and II, we investigated the angular dependence of 77 Se-NMR for the external field, H 0 , rotated in the ac * plane. The measurements were performed at a pressure of 0.65 GPa using the "mini" pressure cell, mentioned before, to rotate in the limited sample space. Results at 150 K (metallic state), 50 K and 15 K (insulating state) are shown in Fig. 4 a) , b) and c), respectively. In this configuration, the field was rotated in the plane including the directions parallel and perpendicular to the p z orbital, where the anisotropy of the Knight shift is expected to be the largest.
As shown in Fig. 4 a) , the spectrum at 150 K consists of at most four absorption peaks, and the center of gravity of the spectrum shows a large angular dependence characteristic of the Knight shift for the p z orbital at the Se site. The Knight shift due to the hyperfine coupling is positive and the largest when the external field is parallel to the p z orbital (H 0 a axis). The amplitude of the angular oscillation is ∼0.25 MHz, corresponding to K ax ∼ 0.099%.
The spectrum at 50 K is shown in Fig. 4 b) . One can easily find that the spectrum is broadened remarkably, while the angular variation of the shift was almost as large as that at 150 K. The latter means that the average spin susceptibility does not change so much, indicating that the system remains metallic at this temperature in spite of the unusual broadening. We also note that the excess broadening is strongly angular dependent; the spectrum becomes broader when the shift becomes larger. Fig. 4 c) shows the NMR spectra at 15 K. The angular dependence of the spectral center is much smaller than that at higher temperatures. This is quite natural because the system is nonmagnetic at this temperature and thus the spin suscep-tibility is vanished. The angular dependence of the spectral center is thus considered to be due to the anisotropy in the chemical shift of TMTSF molecule, and gives an unambiguous zero Knight shift position at each field orientation.
In order to analyze the angular dependence of the excess broadening at 50 K, we calculated the second moment of the spectra observed at 50 K and 15 K. The results are shown in Fig. 5 a) . The broadening or the structure of the spectrum observed at 15 K is caused mainly by the difference in chemical shift at different nuclear sites, which should be naturally included in the second moment at 50 K. The excess second moment at 50 K is obtained simply by subtracting the results at 15 K from those at 50 K (open squares in in Fig. 5 b) ).
We found that the excess second moment scales well to the square of the spectral shift, K 2 , (closed circles in Fig.  5 b) ). This strongly suggests that the excess broadening is caused by the inhomogeneity in the Knight shift, that is, by that in the local susceptibility. Considering that the system does not contain any localized magnetic spins and remains metallic in this temperature range, one of possible explanations of the inhomogeneity in the local susceptibility may be intermolecular CD in the chains, as confirmed in some two dimensional systems, such as θ-(ET) 2 RbZn(SCN) 4 [15) and λ-(BETS) 2 MCl 4 . [16, 17) However, this does not seem to be the case because of the following reasons; i) there is no experimental evidence for CD in the TMTSF salts, while some TMTTF salts do exhibit charge ordering (CO) [18] [19] [20] leading to nonmetallic conductivity. ii) the inhomogeneous broadening is rather small or moderate compared with the one observed in the two dimensional systems [15] [16] [17] .
We estimate the degree of the disproportionation of the local susceptibility, ∆χ/χ, in this salt as we did on the other systems. [15, 17) Since the angular dependence of K 2 and the excess second moment (∆K 2 ) are well scaled with each other as demonstrated in Fig. 5b) , we obtain an estimate of ∆K/K ∼ ∆χ/χ ∼ 0.14. If one assumes that the local susceptibility is proportional to the local charge and the average valence of TMTSF is 0.5, the distribution of the molecular charge is estimated as ∼ 0.5 ± 0.07. The degree of CD is much smaller than in the TMTTF family [18, 19) and the other CD systems. [15, 17) Another possibility of the inhomogeneous broadening is an intramolecular charge/spin disproportionation or imbalance caused by possible couplings with the permanent electric moments of anion. In this case, it seems natural that the dynamics of the local fields at the Se sites, given by the hyperfine couplings with the conduction electron spins, should be strongly coupled with the dynamics of anions or the reorientation of the permanent dipoles. At high temperatures, where the anions are rotating in a three-dimensional (3D) manner, the fluctuation of the local field should be too rapid to contribute to T −1 2 . Below transition I, one can assume that the CD (of the order of ∼ 0.5±0.07) may appear because of partial AO, but it may be still rapidly changing in time with a characteristic frequency, τ −1 c (T ), because of hindered motions of anions. The line width due to the inhomogeneity of the local fields should be motional-narrowed as given before. This picture seems to explain the observed results of the 77 Se-NMR measurements very well. The confirmation of this picture will be given by 19 F-NMR in the later sections. 
3.3
77 Se-NMR under pressure: 1.25 GPa To investigate the metallic state in detail, we applied high pressure up to 1.25 GPa at low temperatures below 150 K Angular dependence of 77 Se-NMR spectrum at this pressure was measured at several temperatures, as shown in Fig. 6 . We note that the results at 150 K is quite similar to those observed at 0.65 GPa, apart from a slight excess broadening: The amplitude of the angular dependence of the spectral shift, K ax , is estimated as 0.091 % at 1.25 GPa, which is comparable to the value of 0.099% at 0.65 GPa. (Here, the contributions of chemical shift were corrected, using the data at 15 K at 0.65 GPa.) Temperature dependence of K ax is rather small down to 1.7 K at this pressure; K ax is 0.085 % and 0.08% at 40 K and 1.7 K, respectively. Since the Knight shift is proportional to the spin susceptibility, χ s , as mentioned before, this result is consistent to the Pauli-like behavior of χ s , expected in a simple metal without electron correlations.
The inhomogeneous line broadening at low temperatures was also observed at this pressure. Considering the broadening to be due to the inhomogeneity in the Knight shift, we obtained ∆K/K ∼ 0.3 at 40 K and 0.39 at 1.7 K at this pressure; the inhomogeneity increases as temperature decreases.
We measured 77 Se-NMR relaxation rates, T −1
and T −1
2 to investigate the spin/charge dynamics in the metallic state. The external filed, H 0 , was applied parallel to the c * -axis, which is reported to give the shortest T 1 [12) . Figure 7a) shows the temperature dependence of (T 1 T ) −1 . A Korringa like relaxation behavior was observed in the whole measured temperature range. The value of (T 1 T ) −1 ∼ 1.3 s −1 K −1 is smaller than the values in the metallic states at lower pressures, but this is again due to the reduction of the density of states at the Fermi level under pressure, as discussed before; we have found that the Korringa constant, (T 1 T K 2 ) −1 , is almost the same at ambient and under pressures. We note that no anomalies were observed in the spectrum and the relaxations around 150 K, corresponding to transition V, as far as the 77 Se-NMR properties are concerned.
Contrary to the standard Korringa behaviour of the spinlattice relaxation, (T 1 T ) −1 , a large enhancement of the transverse relaxation rate, T −1 2 , was observed in a narrow temperature range between 90 K and 70 K, as shown in Fig. 7 b) . In fact, we found a remarkable reduction of echo signal intensities in this temperature region when we fixed the time interval, τ', between π/2 and π pulses to 50 µs. The enhancement of T −1 2 , that is, the broadening of the homogeneous width, should be of the similar origin as those (double peaks) observed at lower pressure, 0.65 GPa, but now is found very much pronounced. This may be partly because of the fact that the amplitude of the inhomogeneous fields is about twice as large at this pressure (∆K/K ∼ 0. Below ∼ 60 K, T * −1 2 increases further up to 1.4 ×10 5 s −1 ∼ 23 kHz at 1.7 K. This remarkable enhancement of T * −1 2 just corresponds to those observed in Fig. 6 b) and c). We expect that this anomalous behaviour is related to transition III, observed in the higher pressure region of the T -P phase diagram. The 77 Se NMR relaxations results suggest that, below transition III, the dynamics of anions are almost frozen without any long range orderings of the dipolar orientations and the amplitude of the inhomogeneity ∆K/K increases remarkably probably because of some structural reasons. 
3.4
19 F-NMR and anion dynamics at ambient pressure To clarify the role of the FSO 3 anion, we measured 19 F-NMR spectrum and relaxation rate at ambient pressure, as well as under pressure of 0.45 GPa and 0.9 GPa. Since there is no conduction electron at the anion site, the anion dynamics, that is, the rotational molecular motions, which may be of 3D manner at high temperatures or of a hindered type at low temperatures, are considered to affect the 19 F-NMR properties. The results of 19 F-NMR relaxation and line shape measurements at ambient pressure are summarized in Fig. 8 . The spectral shape at 252 MHz is a single line with a narrow width and does not show any change at temperatures above 100 K and below 84 K, but we found a small but appreciable shift of 15 kHz ∼ 70 ppm between the signals in the high and low temperature regions. We call tentatively the signals at high The high temperature data can be explained by the wellknown BPP formula, which applies well for the relaxation due to random molecular motions, given as; [ 
The data at ω/2π = 252 MHz exhibit the maximum ∼ 3.0 s −1 around T ∼ 90 K, we obtained ∆h =2.2 Oe. This is quite reasonable because the main contribution of the local fields at the fluorine site is considered to be the nuclear dipolar fields from the protons on the methyl groups at the edge of TMTSF molecule. ∆ m /k B was estimated as ∼ 670 K using the formula for the high temperature limit (1 ≫ (ωτ c ) 2 ), T
, which is frequency independent.
A step like drop of T −1 1 at 90 K can be understood naturally as the breakdown of this BPP relaxation, since the 3D rotations at high temperatures should be forbidden by the anion order and the dynamics of anions should qualitatively change.
Below 90 K, another peak of T −1 1 appears around 70 K, which shows a strong frequency dependence; as the measured frequency lowered, the relaxation peak increases in inverse proportion to frequency. However, the frequency dependence cannot be explained by the BPP formula given above. Since almost all degrees of freedom are frozen in the AO state, only dynamics left giving rise to the fluctuations of the local fields at the F sites seem to be the hindered rotations of the methyl groups about their three-fold symmetry axes on the TMTSF molecule. We do not consider this further, since the effect of the methyl-group rotations on the electronic properties should be small. 1 is also observed at 90 K, corresponding to transition I, below which the 3D rotations of anion become strongly restricted. Considering that the (1/2 1/2 1/2) anion ordering oc- curs at 89 K at ambient pressure, [22) similar anomalies can be expected at transition I under pressure. It was found that the additional relaxation seen below 90 K at ambient pressure was much suppressed under pressure. The methyl rotations or some other dynamics responsible for this additional relaxation should be markedly restricted by applying pressure.
The spectral shape at 223 MHz is a single line with a narrow width and does not show any change at temperatures above 90 K and below 60 K. The signals at the high and low temperatures correspond to the signals S A and S B observed at ambient pressure, respectively, and they show a clear shift between them. In addition, both signals coexist in the intermediate temperature range where their relative intensity gradually changes. The two characteristic temperatures correspond to transitions I and II, respectively. The spectral shift should be attributed to the difference in the fluorine environments at high and low temperatures. It seems natural to attribute the signal S A to the one from the anions rotating freely and the signal S B to from the anions perfectly ordered. The coexistence of the two signals indicates that in the intermediated temperature region the anions are partially rotating and partially ordered. Actually, the relaxation rate, T −1 1 , for the signal S A agrees well to the value expected for the BPP behavior, while the value for the signal S B is much lower, as shown in Fig. 9 . As temperature decreases, the fraction of rotating anions decreases and all anions are ordered below transition II.
Thus we believe that transition I corresponds to the temperature at which the freely rotating anion tetrahedrons form an orientational order but the F positions, or the orientations of permanent electric dipole, are still random. Then the tetrahedrons make hindered rotations among four possible orientations for the F position, searching for a perfect ordering. The perfect anion order is realized at transition II. At ambient pressure, the ordering of tetrahedrons and that of electric dipoles take place at the same transition at 89 K, as observed by the X-ray measurements. [13) It is noteworthy that the system remains metallic until the perfect anion order is realized. Furthermore, the unusual broadening of 77 Se-NMR spectrum due to some inhomogeneous local fields appears only in the region where the anion orders remain imperfect. The X-ray study [13) observed that a superlattice appears at transition I but the oder parameter grows with cooling, until the system orders below transition II. This is quite consistent with our observation.
3.6
19 F-NMR and anion dynamics under pressure: 0.9 GPa We applied a higher pressure of 0.9 GPa. The results were shown in Fig. 10 . The 19 F spectral shape and relaxation behaviors became much more complicated than those at 0.45 GPa. The spectra were made of several components and relaxation profiles became non single exponential. These suggest that the electronic structure has become more inhomogeneous at this pressure. There were observed no relaxation component which shows BPP-like behaviour any more. This means that the 3D rotations of anion may be entirely suppressed even at high temperatures, and instead the permanent dipoles may be randomly fixed with several different orientations. We suggest that transition V may be related to such a change in anion reorientations.
It should be noted that the broadening of 77 Se-NMR due to inhomogeneous local fields are more pronounced around this pressure, while the system remains metallic down to low temperatures. We have performed 77 Se and 19 F NMR measurements to characterize the phases shown in the T -P phase diagram of (TMTSF) 2 FSO 3 proposed on the basis of the transport anomalies. The T -P phase diagram is reproduced in Fig.11 , with the electronic characteristics clarified by the present NMR measurements.
Concluding remarks
As we already reported, [6] [7] [8] the insulating state at ambient pressure below 90 K is nonmagnetic with a finite spin gap, ∆/k B of ∼ 420 K. The X-ray analysis at ambient pressure claimed that at temperatures above 90 K, the FSO − 3 anions are rotating in a 3D-manner. The system behaves metallic in this temperature region. Below 90 K at ambient pressure, the tetrahedrons of anion, as well as the electric dipoles, are regularly ordered with the wave number of (1/2 1/2 1/2).
By applying pressure, this transition is separated into two; transitions I and II. We have proposed a picture as follows; the tetrahedrons of FSO 3 form an orientational order below transition I, while the electric dipoles are still randomly oriented and keep hopping among four possible directions with a characteristic time, τ c (T ). When τ c (T ) is long enough at low temperatures, the charge distribution within a TMTSF molecule is modified by the coupling with the electric dipoles of anion, which causes an inhomogeneous line broadening of 77 Se-NMR spectrum, γδH ∼ γ∆KH 0 , where ∆K = A∆χ with the modulation of local susceptibility, ∆χ. At high temperatures, where τ c (T ) is so short to satisfy the condition, γδHτ c (T ) ≪ 1, the inhomogeneous local fields are averaged out and the line width is narrowed (motional narrowing). A large enhancement of homogeneous width is expected around the temperature where the condition, γδHτ c (T ) ∼ 1, is satisfied. This picture explains both the observed 77 Se and 19 F NMR properties consistently. The charge disproportionation which causes the NMR broadening in the present system is thus of different nature from the one observed in the other CD systems, (TMTTF) 2 X (X= PF 6 and AsF 6 ) or θ-(BEDT-TTF) 2 MZn(SCN) 4 .
Below transition II, the electric dipoles form an orientational order, which should cause a periodic potential for the conduction electrons with the wave number of (1/2 1/2 1/2), leading to a gap-opening on the Fermi level. The system becomes a nonmagnetic insulator with a finite spin-gap. The estimated value of the spin gap, ∆/k B is about 130 K under pressure of 0.65 GPa, which is much smaller than 420 K at ambient pressure [7) .
It is noteworthy that the system remains metallic until the perfect ordering of electric dipoles are realized. This is strong contrast to the case of other TMTSF salts with symmetric tetrahedral anions, e. g., ReO 4 , where the order of tetrahedrons could open a gap at the Fermi level leading to the metalinsulator transition. In the present FSO 3 salt, it seems that the randomness in the dipolar orientation strongly disturbs the formation of a periodic potential for conduction electrons.
At pressure of 1.25 GPa, no more perfect dipolar orderings, which could open gap on the FS, can be stabilized, so that transition II disappears and the system remains metallic down to the lowest temperature. Rapid dynamics of anions are expected in the phase region between transitions I and III, below which FSO 3 anions are frozen in a random orientation. The intramolecular charge disproportionation is somewhat enhanced but remains in a moderate range less than 0.5 ± 0.2. The present 77 Se and 19 F NMR results, however, do not rule out the possibility of dipolar orderings with different wave number without gap-opening at the FS, such as (0 0 1/2) or (0 1/2 0), suggested in the X-ray measurements. [13) In conclusion, the present measurements have confirmed the strong coupling of conduction electrons with the electric dipoles of the FSO 3 anions and succeeded to explain the natures of transitions I and II. It has been revealed that the electronic properties depend strongly on the dynamics of dipolar anions. We have suggested that transitions III and V should also be of some structural origins, but we need more detailed investigations on anion structures.
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